Spermatid differentiations during spermiogenesis and sperm ultrastructures in male Mercenaria stimpsoni were investigated by transmission electron microscopic observations. In the early stage of the spermatid during spermiogenesis, a few granules and a proacrosomal granule, which is formed by the Golgi complex, become a proacrosomal vesicle. Consequently, it becomes an acrosome by way of the process of acrosome formation. The morphologies of the sperm nucleus type and the acrosome of this species have a curved cylindrical type and cap shape, respectively. The spermatozoon is approximately 48-51 μm in length including a curved cylinderical sperm nucleus (about 4.18 μm long), an acrosome (about 0.52 μm in length) and tail flagellum (42-45 μm long). As some ultrastructural characteristics of the acrosomal vesicle, the peripheral parts of two basal rings show electron opaque part (region), while the apex part of the acrosome shows electron lucent part (region). These charateristics of the sperm belong to the family Veneridae in the subclass Heterodonta, unlike a characteristic of the subclass Pteriomorphia showing all part of the acrosome being composed of electron opaque part (region). Therefore, it is easy to distinguish the families or the subclasses by the acrosome structures. Exceptionally, In particular, a cylinder-like nucleus of the sperm is curved (the angle of the nucleus is about 80°), as seen in some species of Veneridae (range from 0° to 80°). The number of mitochondria in the midpiece of the sperm of this species are four, as one of common characteristics appeared in most species except for a few species in Veneridae in the subclass Heterodonta. Cross-sectioned axoneme of the sperm tail flagellum shows a 9+2 structure.
INTRODUCTION
To date, many studies on spermatid differentiations during spermiogenesis and mature sperm ultrastructures have been documented to varying degrees in many species of bivalves using electron microscopy (Dorange and Le Pennec, 1989; Healy, 1989 Healy, , 1995 Gaulejac, 1995; Chung and Ryou, 2000; Chung et al., 2005 Chung et al., , 2006 Chung et al., , 2007 2010; Chung, 2006) .
Previously there have been afew report on aspect of reproduction including reproduction and spermatogenesis (Kim, 2001) . To date, little information is available on spermatid differentiation during spermiogenesis and mature sperm morphology and ultrastructures of M.
stimpsoni. In the Mollusca, sperm ultrastructure is considered a valuable tool in assessing taxonomic and phylogenetic problems within the Bivalves (Franzen, 1970 (Franzen, , 1983 Daniels et al., 1971; Popham, 1979; Healy, 1989 Healy, , 1995 Koike, 1985; Hodgson and Bernard, 1986; Eckelbarger et al., 1990; Eckelbarger and Davis, 1996; Kim et al., 2010; Chung et al., 2010) and is especially useful when comparing closely related species (Popham et al., 1974; Popham, 1979) .
In particular, it is well-known that acrosomal morphologies and ultrastructures of sperms have been used to organize bivalve subclasses (Popham, 1979) , the number of mitochondria in the sperm midpiece tends to be stable within any given family or superfamily. For that reason, it needs to study acrosomal morphology of the sperm and the number of mitochondria in the sperm midpiece for taxonomic analyses of this specie with many species in the families or superfamilies in the subclass Hetrodonta. 
MATERIALS AND METHODS

Sampling
A total of 75 male specimens of M. stimpsoni were collected monthly in the subtidal zones of coastal waters of Daejin, Gosung-gun, Korea, from January to December, 2007. The specimens were transported to the laboratory where they were maintained in seawater at 20°C. The specimens were used for ultrastructural study of germ cells and mature spermatozoa by transmission electron microscopy. . Note an acrosomal vesicle (AV) of the acrosome being composed of electron dense part and electron lucent part subacrosomal materials (SM), the anterior (ANF) and posterior nuclear fossas (PNF), the proximal (PC) and distal centrioles (DC), two spherical mitochondria (M), and a flagellum (F); F, The head part of the completed sperm in the spermatozoon stage. Note the acrosomal vesical (AV) (or acrosome (A)) being compose of right and left basal rings (high electron dense opaque part (materials) and the appex part (electron lucent part (materials); G, A cross sectioned sperm head part (the acrosomal vesical and the nucleus). Note a axial rod in the subacrosomal materials (SM); H, A cross sectioned sperm head part ( the nucleus). Note the nucleus of the sperm head part; I., A cross sectioned sperm midpiece. Note a pair of centrioles (C) surrounding with 4 mitochondria (M); J, A cross sectioned sperm tail flagellum. Note the axoneme of the sperm tail flagellum showing a 9+2 structure (nine peripheral microtubules (PM) and a pair of central microtubules (CM)).
Transmission electron microscope observation
Fig. 2.
A diagram of an acrosomal vesicle being composed of electron opaque part (EOP) and electron lucent part (ELP) of an acrosome on the anterior nuclear fossa of the curved nucleus in male Phacosoma japoni (Kim et al., 2011) .
acrosome. Thereafter, a proacrosome lying on the sperm nucleus becomes round cone in shape, and several mitochondria are reduced its number at the posterior part of the nucleus. However, the nucleus of the spermatid is slightly curved (Fig. 1D) . Thereafter, A round acrosomal vesicle lied on the anterior nuclear fossa.
Spermatozoa: Particularly, in the spermatozoon stage especially, two large mitochondria at the midpiece part appear beneath the nucleus (Fig. 1E) .
At this stage, the acrosomal vesicle of spermatozoa is completed and the acrosomal vesicle is composed of electron dense part (region) and electron lucent part (Fig. 1J) .
DISCUSSION
Spermatogenesis
In general, the testis of bivalves is composed of a number of acini, and spermatogenesis occurs in acini of the testis. The processes of germ cell differentiations and mature sperm ultrastucture of M. stimsoni, were similar to those in the species in bivalves (Eckbarger and Davis, 1996; Chung et al., 2010) . Therefore, the processes of spermatogenesis of bivalves was similar to those in the species in bivalves (Sakker, 1984; Bernard and Hodgson, 1985; Chung, 2006; Chung et al., 2007 , Kim et al., 2010 . Yasuzumi (1974) reported that the nuclei of spermatids can be classified into three morphological types according to the concentration morphology and degree of chromatins in the nuclei of spermatids: (1) granular, (2) fibrous, and (3) layer types. In general, in case of bivalves, it was a granular type in the early stage of chromatin concentrations, however, as the concentration of chromatins progresses, it was changed to be the fibrous type.
In particular, the morphologies of the sperm nuclei, stimpsoni (Kim, 2001) . In this study, the type of the sperm nucleus of M. arenaria oonogai belongs to the curved cylinder type.
This species belongs to external fertilization species and the type of spermatozoon is the primitive type. In particular, Kim (2001) reported that several species of Veneridae in subclass Heterodonta have three kinds of sperm nuclear types according to the angle of curved sperm nucleus: (1) no curved nuclear type (angle of the nucleus: 0°), (2) slightly curved sperm nuclear type (angle of the curved sperm nucleus: 5°-10°), and (3) largely curved sperm nuclear type (angle of the curved nucleus: 15°-80°). He reported that the angles of the sperm nucleus of the species in family Veneridae ranged from 0° (Notochione jedoensis) to 80° (M. stinpsoni).
Therefore, exceptionally, of the species in families in subclass Heterodonta, it is assumed that only Myidae and Veneridae species have the curved sperm nucleus.
In this study, the size of sperm nucleus of this species in Veneridae was 4.18 μm long. Kim (2001) reported that the sizes of sperm nuclei in Veneridae species ranged from 2.13 μm (C. sinensis) to 7.80 μm in diameter (G. veneriformis). Therefore, he described that the morphologies of the sperm nucleus can not be used in taxonomic analyses because of irregular morphological characteristics of the nuclei (Healy, 1995) .
It is well-known that the acrosome is formed by various granular secreations secreted by the Golgi complex (Longo and Dornfeld, 1967; Sastry, 1979 during spermiogenesis (Kim et al., 2010a) .
Taxonomic values in mature sperm morphology ultrastructure
Sperm ultrastructure of bivalves is considered a valuable tool in assessing taxonomic and phylogenetic problems within the bivalvia (Franzen, 1970 (Franzen, , 1983 Popham, 1979; Eckelbarger et al., 1990) , and it is now widely used in taxonomic analyses (Healy, 1995) : for example, 1) acrosomal morphology, and 2) the number of mitochondria in the sperm midpiece. Of sperm ultrastructures of bivalves, acrosomal morphology are now widely used in taxonomic analyses (Healy, 1995) because its morphological characteristics has been used to organize bivalve subclasses (Popham, 1979) .
Regarding acrosomal morphologies, Healy (1989) reported that different subclasses of bivalves each have unique acrosomal morphologies.
According to the acrosomal morphologies of the sperms, Kim (2001) In particular, regarding a common structural characteristics of the acrosomal vesicles of the subclasses Heterodonta and Pteriomorphia in the bivalves, Hodgson and Bernard (1986) reported that all species in subclass Heterodonta in the bivalves have a common structural characteristics of the acrosomal vesicles showing the cap shape, and being composed of electron high density (opaque) material and electron lucent material. Hodgson and Bernard (1986) showing the cap shape, and being composed of electron high density (opaque) materials in all parts (Hodgson and Bernard, 1986) . The acrosomal vesicles of this species is composed of electron high density (opaque) part (from the basal ring part to the lateral parts) and electron lucent part (the apex part (region)) as reported by Hodgson and Bernard (1986) . Therefore, from morphologies of the acrosomal vesicles of the acrosome mentioned above, this species belongs to subclass Heterodonta reported by Hodgson and Bernard (1986) .
Accordingly, these phenomena of this species showed remarkably similar patterns to various kinds of species of Mactridae, Veneridae, Tellinidae, Solenidae, Hiatellidae in subclass Heterodonta.
Regarding the number of mitochondria in the sperm midpiece, some authors (Hodgson and Bernard, 1986; Healy, 1989) stated that the number of mitochondria in the sperm midpiece tends to be stale within any family or superfamily varying from a maximum of 14 in the mytilord Modiolus difficilis (Drozdov and Reunov, 1986 ) to a minimum of 4 (Healy, 1989 (Healy, , 1995 .
